Heat induced in a finite Silver Selenide slab by an external pulsed laser source is studied in dimensionless scale according to hyperbolic heat conduction model (HHCE) using Laplace integral transform technique. The temperature profile, the critical time required to initiate phase transition and that to initiate damage at the front surface are obtained for different pulses and are illustrated graphically.
Introduction
Heating sources of high power densities such as laser sources and microwaves have arisen recently an increasing interest of many investigators [1] . Such heating interaction has vital applications in different fields related to material processing such as spot wilding, laser cutting, surface annealing and drilling of metals [1] [2] [3] [4] [5] . In semiconductor industry, many other applications are developed including both local diffusion and alloying to form p-n junctions.
The most spectacular effects involve a change of phase of the absorbing material [1] [6] [7] [8] [9] . In many applications, it is particularly important to reveal the temperature distribution within the irradiated target, and the time required to initiate phase transition and to initiate melting.
Many authors assess theoretically such temperature profiles solving the heat conduction equation [3] [6] [8]- [22] .
In principal, there are two trends concerning this point. One trend assumes that heat propagates with infinite velocity through the heated target (Parabolic
Mathematical Formulation
In sitting up the problem a finite homogeneous slab of silver selenide Ag 2 Se material is heated using laser flux of power density q(t), W•m 2 incident perpendicularly on its front surface. It is assumed that a part of the incident laser flux will be reflected at the front surface and a part will be absorbed by the target material.
It is also assumed that heat losses due to convection and thermal radiations are neglected [37] . The physical properties of the slab material are assumed to be temperature independent [37] . Several papers have been written on the thermoelectric properties, the thermal conductivity, Seebeck coefficient and the resistivity of silver selenide [33] [38] . The values λ(T) obtained in [33] This weak temperature dependence makes it possible to accept the assumption that its thermal conductivity is temperature independent for the considered temperature intervals [39] . The heat flow for our case is considered to be one
. The x-axis normal to the free surface of the slab is taken in the direction of the incident laser beam. The hyperbolic heat conduction equation (HHCE) is considered according to which the thermal effects propagate within the target with a finite velocity and thus a thermal relaxation time is involved in the related equations.
For such a case the modified Fourier equation (Cattaneo equation) is considered in the form: Equation (1) with the following conservation energy equation:
Leads to the hyperbolic heat conduction equation (HHCE) in the form:
Considering the following dimensionless scales:
where,
0
T is the ambient temperature, m T the melting temperature, and R is the reflectivity at the front surface.
One obtains Cattaneo equation in dimensionless form as: 
at X = 0 one gets:
And at 
Taking Laplace transform to the boundary condition Equation (15) one gets:
At the front surface X = 0 this equation can be rewritten as:
Comparing the two Equations (18), (20) A and B can be obtained as follows: 
Subtracting (19), (21) one gets: Also from (19) , (22) one gets: 
Considering that:
Thus: 
From Equation (9):
We have: [40] ( ) 
The modified Bessel function
is written in the following form: [41] ( ) 
Thus the inverse in time domain is as follows: 
The convolution theorem: 
Also we have:
For such a case one has 
where: ( ) 
Computations
The obtained thermal profile is computed for different laser pulses with different maximum power densities as follows: The other laser pulse parameters are as follows: t 0 = 6 μsec, γ = 6 μ sec. pulse duration = 12 μsec, the slab thickness = 300 μm, the absorption coefficient A = 0.67, t k = 1 μsec.
The physical and thermal properties of the silver selenide slab material [42] [43] are given in Table 1 .
The temperature of the irradiated front surface ( )
for the different pulses is computed and are illustrated graphically in Figure 1 and Figure 2 and are tabulated in Table 2 for m = 1, n = 1, and in Table 3 for m = 1, n = 1.2. The critical time t ph required to start phase transition, and the critical time t m required to initiate melting at the front surface are obtained for the considered pulses and are tabulated in Table 4 for m = 1, n = 1, and in Table 5 for m = 1, n = 1.2 and are illustrated graphically in Figure 3 and Figure 4 .
Conclusions
As a result of the study the following conclusions can be made:
1) The temperature of the irradiated surface does depend linearly on the maximum power density q max of the laser pulse and also on the absorption coefficient (1 − R).
2) The dependence on the slab thickness and the pulse parameters γ & t 0 are no longer linear.
3) The dependence of the t ph and t m on q max is not linear. 
